ABSTRACT
To test the hypothesis that the increased risk of type 2 diabetes mellitus and coronary artery disease in South Asian subjects could be caused by the presence of endothelial dysfunction in early life. Westudied markers of endothelial dysfunction in umbilical cord blood of South Asian neonates and compared these with that of Caucasian control subjects. FromSouth Asian (n=57) and Caucasian (n=21) neonates, cord blood was collected and levels of glucose, insulin, lipids, and markers of endothelial dysfunction (E-selectin, intercellular adhesion molecule 1, vascular cell adhesion molecule 1) and inflammation (C-reactive protein) were measured. Plasma E-selectin levels were signi ficantly higher in South Asian neonates (46.7 versus 33.5 ng/mL, P<.001), and levels of intercellular adhesion molecule 1 and vascular cell adhesion molecule 1 did not differ. Furthermore, South Asian neonates had hyperinsulinemia (P=.043), dyslipidemia (with significantly higher triglyceride and lower high-density lipoprotein cholesterol levels), and higher C-reactive protein levels (75.7 versus 43.8 ng/mL, P=.009). In conclusion, South Asian newborns are characterized by elevated E-selectin levels in line with the hypothesis that endothelial dysfunction is present early in life. In addition, hyperinsulinemia, dyslipidemia, and inflammation are present. Because many pathogenic variables for coronary artery disease and type 2 diabetes are already present at birth in South Asian patients, the question arises whether rigorous childhood lifestyle intervention could be beneficial. (J Pediatr 2012;160:844-8).
INTRODUCTION
South Asian people originate from the Indian subcontinent (India, Pakistan, Bangladesh, Sri Lanka, and Nepal) and represent one-fifth of the world's population. 1 They are at higher risk of coronary artery disease (CAD) and its subsequent morbidity and mortality than Caucasian individuals. 2, 3 Several studies show that CAD in South Asian patients is not only much more prevalent compared with white European patients, but also starts at an earlier age. [4] [5] [6] Conventional coronary risk factors, including smoking, hypercholesterolemia, and hypertension, do not explain their increased CAD risk compared with Caucasian subjects. 2 Although type 2 diabetes mellitus and insulin resistance are significantly more prevalent in South Asian patients, this appears to contribute only to some of the excess risk. 7 Thus, residual risk is present, suggesting that additional factors may play a role. An ethnic suscepti bility for endothelial dysfunction in the South Asian population has been hypothesized, because endothelial dysfunction plays a key role in the initiation of atherosclerosis. 8, 9 Although endothelial dysfunction contributes to atherosclerosis in large arteries, it has been suggested that in the capillary and arteriolar endothelium, it may contribute to the development of type 2 diabetes mellitus. [10] [11] [12] Indeed, Meigs and coworkers 10 found that endothelial dysfunction, as measured with elevated levels of the biomarker E-selectin in blood, predicted the occurrence of type 2 diabetes mellitus in adult women, and intercellular adhesion molecule 1 (ICAM-1) and vascular cell adhesion molecule 1 (VCAM-1), which are other and less sensitive markers of endothelial dysfunction, did not. These results were still found after correction for several known risk factors, such as body mass index (BMI), family history of diabetes mellitus, smoking, and subclinical inflammation.
We hypothesized that in South Asian subjects, both the residual risk for CAD and the high prevalence of type 2 diabetes mellitus could be caused by the presence of a susceptibility to endothelial dysfunction. We examined the presence of E-selectin, ICAM-1, and VCAM-1 in umbilical cord plasma of South Asian neonates and Caucasian control subjects.
METHODS
Umbilical venous cord blood was collected from South Asian neonates living in the Netherlands (n=21), from South Asian neonates living in Surinam (n=36), and from Caucasian neonates living in the Netherlands (n=21). In total, 78 neonates, all born between Jan 1, 2006, and Jan 1, 2009, were examined in two hospitals in Paramaribo, Surinam, 13 and in one hospital in The Hague, the Netherlands, after their mothers had given informed consent and approval had been obtained by the local ethics committee. Live-born singleton babies with 4 South Asian grandparents or 4 Caucasian grandparents were included. Pregnancies complicated by pre-eclampsia were excluded. Gestational age was based on last menstrual period or ultrasound scanning (before 12 weeks). Birth weights were taken from the medical records and information about the mother of the neonate (maternal disease including diabetes mellitus, hypertension, hyperthyroidism, and hypothyroidism; gestational age; parity; usage of medication; and age). For both the mother and father of the baby, a questionnaire was used to gather information on family history of diabetes mellitus, hypertension, and coronary events. Family history was marked as "positive" when one of the family members (grandparents, parents, brothers/sisters) had been diagnosed with the disease. Furthermore, the health status of the father was assessed.
Immediately after delivery, 20 mL of cord blood was collected from the umbilical vein with standard protocols. Within 1 hour, the cord blood was centrifuged. Plasma insulin and glucose levels were measured immediately, and a portion of the plasma was frozen and stored at 80 C. The stored samples from Surinam and the Netherlands were transported in special media to the Leiden University Medical Center (Leiden, The Netherlands), where markers of endothelial dysfunction (E-selectin, ICAM-1, and VCAM-1) and C-reactive protein (CRP) were measured (Meso Scale Discovery, Gaithersburg, Maryland). Furthermore, cholesterol and triglyceride levels were determined by using commercially available kits (Roche Diagnostics Cholesterol reagent and Triglyceride reagent, respectively; Roche Diagnostics, Almere, The Netherlands). High-density lipoprotein cholesterol levels were determined by precipitating the apoB-containing lipoproteins as described previously. 14 Non-high-density lipoprotein cholesterol levels were calculated by subtracting the highdensity lipoprotein cholesterol levels from the total cholesterol levels.
Statistical Analysis
All data were analyzed with SPSS software version 17.0 (SPSS, Chicago, Illinois). Mean differences in gestational age, birth weight, APGAR scores, and levels of E-selectin, ICAM-1, VCAM-1, CRP, and glucose were compared between South Asian neonates and Caucasian neonates by using independent t tests. Birth weight and levels of E-selectin, CRP, and glucose were skewed and required log transformation to satisfy assumptions of normality. Maternal age and insulin levels were not normally distributed, even after log transformation. Differences in maternal age and insulin measures therefore were compared with the non-parametric Mann-Whitney test. Differences in the prevalence of chronic diseases in the mothers, smoking, alcohol and drug use, and sex of the neonates were tested with the χ 2 test. Outliers were detected with the Grubb's test. In the case of CRP, two significant outliers (one in each group) were detected, which were subsequently excluded.
RESULTS
The South Asian neonates living in Surinam and the Netherlands were clustered in one group ("South Asians," n=57) because no significant differences were observed for sex, birth weight, maternal age, and plasma E-selectin levels. The characteristics of the South Asian and Caucasian groups are given in (TABLE 1) . South Asian mothers were significantly younger than Caucasian mothers. Pre-pregnancy BMI did not differ between South Asian mothers and Caucasian mothers, with mean values of 23.6 and 23.7, respectively (P=.93). Infants were equally exposed to maternal chronic disease, such as asthma, diabetes mellitus, hypothyroidism, hyperthyroidism, and hypertension. More specifically, 6 of the South Asian women (10.7%) had some form of diabetes mellitus (type 1, type 2, or gestational diabetes) during pregnancy, compared with two women in the Caucasian group (9.5%), which was not significantly different (data not shown). Furthermore, 6 of the South Asian women had pre-existent or pregnancyinduced hypertension, compared with 3 women in the Caucasian group (P=.116). Although maternal smoking and drug use did not differ between the groups, Caucasian mothers drank alcohol more often during pregnancy. Birth weight was approximately 400 g lower for South Asian babies (P=.002), and gestational age was 2 days longer for South Asian neonates, which was not significantly different (P=.437). Apgar scores after 5 minutes did not differ. Furthermore, there was no difference in sex of the neonate in the groups: 48% of South Asian babies were female, compared with 49% of Caucasian babies (P=.947).
Caucasian (n=21)
South Asian (n=57) P value
Mothers
Age, years † 33 .9 (3.6) 31 .1 (4.7)
.012
Pre-pregnancy BMI 23 .7 (5.0) 23 .6 (4.7)
.93
Chronic disease ‡ 24% (5) 24% (5) .811
Smoking ‡ 5% (1) 7% (4) .800
Alcohol use ‡ 30% (6) 2% (1) .000
Drug use ‡ 0% (0) 2% (1) .555 Mode of delivery is summarized in (TABLE 2) . Cesarean delivery was more common in South Asian women, and vacuum extraction was more common in Caucasian women.
Neonates
In (TABLE 3) , the health status of the father and the family history of both the mother and father of the neonates is shown. Although most measurements did not differ, South Asian fathers had a positive family history for diabetes mellitus more often (P=.04).
As shown in (TABLE 4) , CRP levels were significantly higher in South Asian neonates compared with Caucasian neonates (75.7 versus 43.8 ng/mL; P=.009). Glucose levels did not significantly differ between South Asian babies and Caucasian babies (not significant, P = .116). Mean insulin levels, however, were found to be 16.6 mmol/L in South Asian babies and 6.9 mmol/L in Caucasian neonates (P=.043). Furthermore, South Asian neonates had significantly higher triglyceride levels (0.38 versus 0.27 mmol/L; P=.009). Total cholesterol levels did not differ in the groups (1.57 versus 1.60 mmol/L; P=.717). South Asian babies had significantly higher non high-density lipoprotein cholesterol levels (0.66 versus 0.53 mmol/L; P=.040) and lower high-density lipoprotein cholesterol levels (0.91 versus 1.08; P=.001) compared with Caucasian neonates. E-selectin levels were significantly higher in cord blood of South Asian neonates compared with that of Caucasian newborns (46.7 versus 33.5 ng/mL, P<.001). Levels of ICAM-1 and VCAM-1 did not differ significantly in the groups (FIGURE) . A multivariate analysis was performed with E-selectin levels as dependent variable and ethnicity, maternal age, birth weight, insulin levels, and CRP levels as co-variates. In this analysis, ethnicity significantly contributed to explain the variety of E-selectin. After correction for the aforementioned co-variates, the estimated E-selectin levels were found to be 42.5 and 34.5 ng/mL for South Asian and Caucasian neonates, respectively (P=.047).
Although the mode of delivery differed in the ethnic groups, stratification of the data showed that they did not influence E-selectin and other cord blood measures. Furthermore, no correlation was found between maternal pre-pregnancy BMI and cord plasma E-selectin levels (r 2 =0.00093, P=.81), cord plasma triglyceride levels (r 2 =0.015, P=.33), and cord plasma CRP levels (r 2 =0.0044, P=.60). 
DISCUSSION
The link between endothelial dysfunction and type 2 diabetes mellitus has been described by Meigs and co-workers, 10 who found that elevated levels of the biomarker E-selectin (but not ICAM-1 and VCAM-1) in serum predicts the occurrence of type 2 diabetes mellitus in adult women. We found a very similar pattern in South Asian newborns immediately after birth; E-selectin levels were elevated, but ICAM-1 and VCAM-1 levels were not.
Earlier research supports our finding of the presence of susceptibility for endothelial dysfunction in the South Asian population. In healthy South Asian men, impaired brachial artery response to reactive hyperemia has been demonstrated. This was independent of both conventional risk factors and markers of insulin resistance, supporting the presence of endothelial dysfunction. 15 Our study, however, supports the hypothesis that endothelial dysfunction in South Asians is present as early as at birth.
A recent study performed by Whincup et al 16 showed that type 2 diabetes mellitus precursors are already present in apparently healthy South Asian children 9 to 10 years of age. These children were found to have higher levels of hemoglobin A1c, insulin, triglycerides, and CRP and lower levels of high-density lipoprotein cholesterol compared with Caucasian children. In our study, we showed that South Asian newborns are not only characterized by elevated E-selectin levels, but also by hyperinsulinemia, inflammation, and dyslipidemia (elevated triglyceride levels, elevated non-high-density lipoprotein cholesterol levels, and decreased high-density lipoprotein cholesterol levels).
Thus, in South Asian patients, many potential pathogenic variables for CAD and type 2 diabetes mellitus are already present as early as at birth. Apparently, at least some of the risk factors responsible for the ethnic differences in CAD and type 2 diabetes mellitus are operating well before adult life, potentially offering opportunities for early prevention.
There are some potential limitations to our study. First, cord blood E-selectin levels were used as a marker of endothelial dysfunction. It is not known whether E-selectin levels in the cord blood purely reflect neonatal E-selectin levels or whether they could also be partly derived from maternal origin. Unfortunately, in our study, levels of maternal E-selectin were not measured. However, an earlier study by Krauss et al 17 showed that, in both normal and pre-eclamptic pregnancies, cord blood levels of E-selectin, ICAM-1, and VCAM-1 did not correlate with maternal levels, despite mothers with pre-eclampsia having significantly elevated levels of these factors. This suggests that these endothelial adhesion molecules are differently regulated in the fetus and, very likely, originate from the fetus. Second, the sample size of both groups was relatively small. However, the elevation of metabolic variables and E-selectin levels in South Asian newborns were found to be significantly different compared with that in the control group. The South Asian neonates included in our study were from both Surinam and the Netherlands. Place of birth was not associated with sex, birth weight, maternal age, or plasma E-selectin levels. Moreover, the South Asian neonates living in the Netherlands all had grandparents who originally descended from Surinam. Lastly, this study is a cross-sectional study and is thus not able to show whether the presence of endothelial dysfunction in South Asian neonates indeed leads to the generation of CAD and type 2 diabetes mellitus later in life. However, because endothelial dysfunction is considered a risk factor for the development of atherosclerosis, 8 its contribution to the development of CAD is highly plausible. Moreover, in light of the fastemerging field of non-traditional risk factors and biomarkers for cardiovascular disease 18 in South Asian children, E-selectin might be a biomarker for future cardiovascular disease. Furthermore, because of the cross-sectional design of our study, it is not possible to draw conclusions about whether the endothelial dysfunction found in the South Asian neonates has an ethnic or genetic origin. Future studies, for example studies in which the effect of intrauterine conditions on endothelial function in South Asians is studied, could clarify this.
Potentially, many pathogenic variables for CAD and type 2 diabetes mellitus are already present right after birth in South Asians, so the question arises whether rigorous childhood lifestyle intervention could be beneficial in these vulnerable children.
